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1
PARTICULATE MEASUREMENT DEVICE

TECHNICAL FIELD

Embodiments of the present invention relate to a particu- >
late measurement device.

BACKGROUND ART

A particulate measurement device is used in order to 1Y

measure the number of particulates 1n liquid. Patent Litera-
ture 1 and Non-Patent Literature 1 disclose, as one type of
a particulate measurement device, a device which performs
detection of particles by making liguid flow into a transpar-
ent cell such as quartz and observing scattered light which
1s generated when the cell 1s 1rradiated with light.

Further, Patent Literature 2 discloses a counter which
counts the number of bacteria by 1rradiating sample water
contaiming fluorescently stained bacteria with excitation
light and receiving fluorescence from the bacteria. In this
counter, a jet stream 1s formed by the sample water dis-
charged from a nozzle. Then, the jet stream 1s 1rradiated with
light from an excitation light source, and fluorescence from
within a water tlow 1s received by a photodetector. The
number of bacteria 1s determined based on a signal which 1s
output from the photodetector.
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CITATION LIST
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| Patent Literature 1] Japanese Patent Application Laid-Open
Publication No. H6-11433
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Publication No. S64-18046 35

Non Patent Literature

[ Non-Patent Literature 1] “Particle measurement in liquid”
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SUMMARY OF THE INVENTION

45
Technical Problem

Generally, 1n a particulate measurement device, 1n order
to perform measurement of particulates with a higher degree
ol accuracy, 1t 1s required to 1mprove the ratio of a signal 50
based on light from the particulate to noise based on the
other light, that 1s, an SN rati0. As one method of improving
the SN ratio, 1t 1s conceivable to increase a signal by
lengthening a section (a measurement region) ol a water
flow, 1n which the particulates are measured. However, 1n a 55
case of performing observation by making liquid flow into
a cell, as 1n Patent Literature 1 and Non-Patent Literature 1,
scattered light 1s generated at the surface of the cell or the
interface between the cell and the liquid. Since such scat-
tered light becomes stray light, there 1s a problem 1n that 60
Nno1se 1ncreases.

Further, 1n the counter of Patent Literature 2, a method
without a cell 1s used. However, if the length of the jet
stream discharged from the nozzle becomes greater than or
equal to a certain length, the jet stream enters a turbulent 65
state where the water tlow 1s unstable. I a region where the
water flow 1s unstable 1n this manner i1s included 1 a

2

measurement region, light which causes noise may be gen-
erated from the surface of the water flow or the like and the

SN ratio may decrease. Therefore, the region where the
water tlow 1s unstable cannot be used as the measurement
region, and thus 1t 1s diflicult to lengthen the measurement
region. From such a background, a particulate measurement
device capable of forming a stable liquid tflow over a long
section 1s required.

Solution to Problem

In one aspect, a particulate measurement device 1s pro-
vided. The particulate measurement device includes a
nozzle, a light emitter, a photodetector, and an air flow
forming unit. The nozzle discharges liquid from an opening
to form a flow of the liquid. The light emitter emits light
such that the light propagates 1n a region where the flow of
the liquid 1s formed. The photodetector 1s provided outside
the region to recerve the light from a partial region extending,
along a longitudinal direction of the region. The air tlow
forming unit forms a flow of gas along a direction 1n which
the liguid flows, on an outer periphery of the region.

In the particulate measurement device according to the
one aspect, the air flow forming unit forms, around the tlow
of the liquid (a liquid flow) from the nozzle, the flow of the
gas (an air flow) along the direction of the liqguid flow. The
air flow enables a stable substantially columnar liquid tlow
to be formed over a long section. The light from a partial
region of the region where the liquid flow 1s formed 1s
received by the photodetector, and therefore, it 1s possible to
obtain a signal with a high SN ratio based on light from
particulates passing through the partial region.

In one embodiment, the air flow forming unit may have an
adjustment function for adjusting a speed of the air flow.
According to this embodiment, the speed of the air flow 1s
adjusted according to the speed of the liquud tlow which 1s
discharged from the nozzle. Therefore, a more stable sub-
stantially columnar liquid flow 1s formed.

In one embodiment, the light emitter may emait light from
an inside of the nozzle through the opening, and a shielding
portion which blocks light may be provided between the
opening and the photodetector. According to this embodi-
ment, stray light from the opeming 1s prevented from reach-
ing the photodetector. Therefore, noise 1s reduced.

In one embodiment, the air flow forming umt may con-
figure the shielding portion. According to this embodiment,
a separate component for light shielding 1s unnecessary.

In one embodiment, the light emitter may have a con-
densing optical element which narrows a beam width of the
light in the opening to be smaller than the opening. Accord-
ing to this embodiment, noise light which 1s generated due
to the light from the light emitter being retlected or scattered
at a peripheral edge of the opening 1s suppressed. Further,
the light condensed by the condensing optical element
spreads 1n the liquid flow, and therefore, the light propagates
in a wide range in the liquid tlow.

In one embodiment, the particulate measurement device
may further include: a recovery part having a recovery port
for recovering the liquid; and another air flow forming unit
which forms a flow of gas along a direction 1n which the
liguid tflows, on a side of the recovery port with respect to
the partial region and on an outer periphery of the region.
According to this embodiment, it 1s possible to stabilize the
liquid flow on the side of the recovery port with respect to
the partial region. Therefore, noise light which 1s generated
from the side of the recovery port with respect to the partial
region can be reduced.
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In one embodiment, the particulate measurement device
may further include an optically transparent tubular member
provided to surround the partial region through a region
where the flow of the gas 1s formed. According to this
embodiment, the air flow around the partial region where the
photodetector performs observation 1s stabilized.

Advantageous Elflects of Invention

As described above, 1t 1s possible to stabilize the water
flow and perform the measurement of the particulates 1n the
water tlow with a high degree of accuracy.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a sectional view schematically showing a
particulate measurement device according to a first embodi-
ment.

FIG. 2 1s a diagram for describing a detector of the
particulate measurement device of FIG. 1.

FIG. 3 1s a sectional view schematically showing a
particulate measurement device according to a second
embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments according to the present inven-
tion will be specifically described with reference to the
drawings. For the sake ol convemence, substantially the
same elements may be denoted by the same reference
symbols, and description thereof may be omitted.

First Embodiment

FIG. 1 1s a sectional view schematically showing a
particulate measurement device. A particulate measurement
device 1 shown in FIG. 1 i1s a device which measures
particulates included 1in any liquid, and 1s, for example, a
device which measures the number of particulates included
in ultrapure water which 1s used for cleaning of, for example,
a semiconductor, with dark-field illumination. The particu-
late measurement device 1 1s provided with a nozzle 10, a
light emitter 20, a photodetector 30, and an air flow forming
unit 40.

The nozzle 10 discharges liquid to form a substantially
columnar liquid flow (a liquid flow). In an example, the
nozzle 10 forms a liquid tlow heading vertically downward.
Heremnaiter, an example in which the nozzle 10 discharges
water W as the liquid will be described. However, the liquid
which 1s discharged by the nozzle 10 may be any liquid. In
one embodiment, the nozzle 10 1s connected to a reservoir
13 at one end thereot. The reservoir 13 1s configured to store
the water W which 1s supplied thereto. For example, the
reservoir 13 can have a bottomed cylindrical shape which
provides an internal space in which the water W 1s stored.
The nozzle 10 1s connected to the center of the bottom
surface of the reservoir 13 to communicate with the internal
space of the reservoir 13. The nozzle 10 has a tubular shape
which decreases 1n diameter as it approaches an opening end
11a provided on the lower end side thereof. The opening end
11a of the nozzle 10 defines an opening 11. The nozzle 10
discharges the water W from the opening 11 such that the
water W forms a substantially columnar water tlow WF
having no disturbance on the surface and inside thereof. The
term, a substantially columnar shape, does not mean a
strictly columnar body shape, but includes the shape of a
substantially columnar body which decreases in diameter as
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4

it goes downward. In one embodiment, the water W 1s
discharged from the nozzle 10 by pressure due to 1ts own
weight stored 1n the reservoir 13 and falls freely. In this case,
the amount of the water W stored 1n the reservoir 13 may be
adjusted to be constant by a water amount adjuster (not
shown). Accordingly, the discharge pressure of the water W
becomes always constant. The discharge pressure of the
water W may be adjusted by adjusting the pressure of gas
(for example, the air or an inert gas) in the reservoir 13.

A recovery part 15 1s disposed below the nozzle 10. The
recovery part 15 1s for recovering the water W discharged
from the opening 11. A recovery port 15a 1s formed 1n the
recovery part 15. The recovery port 1354 1s formed in an
upper portion of the recovery part 15 and below the opening
11 of the nozzle 10. The water W discharged from the nozzle
10 1s recovered 1n the recovery part 15 through the recovery
port 15a. The recovery part 15 1s provided with a drainage
port 155 for discharging the recovered water W.

The light emitter 20 1s disposed 1nside the nozzle 10 with
respect to the opening 11 and emits light LB such that the
light LB propagates in a substantially columnar region
where the water flow WF 1s formed, on the same principle
as an optical fiber. That 1s, 1n general, the refractive index of
liquad 1s larger than the refractive index of air, and therefore,
the light propagating in the liquid has a critical angle which
causes total reflection at a gas-liqud interface. For this
reason, depending on the incidence angle of the light LB on
the water flow WE, the light LB propagates while repeating
total retlection at the gas-liquid interface. In one embodi-
ment, the light emitter 20 1s provided with a light source 21
and a condensing lens (a condensing optical element) 23.
The light source 21 1s, for example, a laser light source and
1s disposed to emit the light LB toward the opening 11. The
condensing lens 23 1s disposed between the light source 21
and the opening 11. The condensing lens 23 condenses the
light LB emitted from the hght source 21 and narrows the
beam width of the light LB 1n the opening 11 to be smaller
than the width of the opening 11. Accordingly, the light LB
emitted from the light source 21 passes through the imnside of
the opening 11 without hitting against the opening end 11a.

The light source 21 and the condensing lens 23 are
accommodated 1n a casing 235. The casing 25 1s a tubular
body having at least a bottom surface formed on the side on
which the light LB 1s emitted. The bottom surface 1s an
emission port 26 through which the light emitted from the
light source 21 penetrates, and 1s formed of an optically
transparent material such as quartz glass, for example. The
casing 25 1s disposed such that the emission port 26 1is
immersed 1n the water W 1n a state where water 1s stored 1n
the reservoir 13 of the nozzle 10. Therefore, the light emitted
from the light emitter 20 1s propagated directly from the
emission port 26 ito the water, and therefore, generation of
scattered light can be reduced.

The photodetector 30 1s for detecting the light from a
partial region (a measurement region R) along a longitudinal
direction of a substantially columnar region where the water
flow WF 1s formed, and 1s disposed outside the substantially
columnar region. Further, the photodetector 30 1s directed to
the measurement region R to receive the light from the
direction intersecting the direction of the water flow WEF. For
the photodetector 30, for example, a light receiving element
such as a CCD or a CMOS can be used. The photodetector
30 1s connected to a processing unit 33. The processing unit
33 analyzes a signal detected by the photodetector 30. For
example, the photodetector 30 outputs a signal having a
signal level corresponding to the detected light amount to
the processing unit 33. Then, the processing unit 33 counts
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the number of pulses having a signal level higher than or
equal to a predetermined threshold value 1n the signal input
from the photodetector 30, as the number of particulates (the
particulate number) included 1n the water W.

FIG. 2 1s a schematic diagram for describing the photo-
detector 30 and shows the arrangement of the photodetector
30, the water flow WE, and a mirror 35 1n an X-Y plane of
FIG. 1. The photodetector 30 has a light receiver 31 on
which the light LB i1s incident. In one embodiment, the
mirror 35 1s disposed 1n front of the light receiver 31 to face
the light receiver 31. The substantially columnar region
where the water flow WF 1s formed 1s located between the
light recerver 31 and the mirror 35. The mirror 35 provides
a reflecting surface having a curved surface shape extending
along the surface of an elliptic cylinder extending 1n a Z-axis
direction. One focal point of the mirror 35 1s substantially at
the center of the water flow WF 1n the X-Y plane, and
another focal point 1s aligned with the light recerver 31 of the
photodetector 30. In this embodiment, scattered light S from
the particulate P 1n the water tlow WF advances to the mirror
35 side and 1s reflected toward the light receiver 31 by the
mirror 35. Therefore, the amount of light which 1s recerved
by the light recerver 31 increases. In this manner, the shape
of the mirror 35, the aperture of the light receiver 31, and the
like are set such that the scattered light S from the particulate
P 1n the water flow WF 1s mcident on the light receiver 31.

FIG. 1 1s referred to again. The air flow forming unit 40
forms an air flow AF1 for stabilizing the substantially
columnar water flow WF 1n the measurement region R. In
one embodiment, the air flow forming unit 40 has a gas
guide section 41 and a blower 49. The blower 49 1s con-
nected to the gas guide section 41 and supplies gas, for
example, air, to the gas guide section 41. The gas guide
section 41 guides the gas supplied from the blower 49, and
discharges the gas from a discharge port thereol, thereby
tforming the air flow AF1 around the substantially columnar
region where the substantially columnar water flow WF 1s
formed. In one embodiment, the gas guide section 41 has a
tubular body 41a and a tubular body 415. Each of the tubular
body 41a and the tubular body 415 has a tubular shape
which decreases 1n diameter as 1t approaches an end portion
on the lower side thereof. The tubular body 41a and the
tubular body 415 are coaxially disposed around the substan-
tially columnar region where the water flow WF 1s formed.
The gap between the tubular body 41a and the tubular body
4156 which are disposed in this manner functions as a gas
flow path. Further, lower ends of the tubular body 41a and
the tubular body 415 configure gas discharge ports 1n the gas
guide section 41, and are disposed below the nozzle 10 and
above the measurement region R. The inner diameter of the
lower end of the tubular body 415 disposed on the outside
1s formed to be smaller than the inner diameter of the lower
end of the tubular body 41a disposed on the inside. Accord-
ingly, the air flow AF1 can be efliciently blown to the water
flow WF.

If gas 1s supplied from the blower 49 to the gas guide
section 41, the gas 1s discharged from the discharge port of
the gas guide section 41 through the gap between the tubular
body 41a and the tubular body 4154. In this way, the air flow
forming umt 40 forms the air flow AF1 downward along the
water flow WE, along the outer periphery of the substantially
columnar region where the water flow WF 1s formed. In one
embodiment, the air flow forming unit 40 has an adjustment
function for adjusting the speed of the air flow AF1. For
example, the air flow forming umt 40 can arbitrarily adjust
the speed of the air flow AF1 by adjusting the output of the
blower 49.
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Further, 1n one embodiment, the tubular body 41a and the
tubular body 415, that 1s, the gas guide section 41, of the air
flow forming unit 40 has a light shielding property and
configures a shielding portion. The shielding portion 1is
interposed between the opening 11 and the photodetector 30
and blocks light such that noise light N1 which 1s generated
at the opeming 11 does not reach the photodetector 30.

Further, 1n one embodiment, another air flow forming unit
435 1s disposed on a side of the recovery port 15a with respect
to the measurement region R. The air flow forming unit 435
forms an air flow AF2 for stabilizing the substantially
columnar water flow WF on the side of the recovery port 15a
with respect to the measurement region R. The air flow
forming unit 45 has the same configuration as that of the air
flow forming unit 40 and has a gas guide section 48 having
a tubular body 48a and a tubular body 486, and a blower 49
connected to the gas guide section 48. The air flow forming
unit 45 forms the air tlow AF2 downward along the water
flow WEF, along the outer periphery of the substantially
columnar region where the water flow WF 1s formed, below
the measurement region R. Further, the tubular body 48 and
the tubular body 4856 of the gas guide section 48 configure
a shielding portion. The shielding portion 1s interposed
between the recovery port 154 and the photodetector 30 and
blocks light such that noise light N2 which 1s generated at
the recovery port 15a does not reach the photodetector 30.

In the particulate measurement device 1, the water W
discharged from the opening 11 of the nozzle 10 falls as the
substantially columnar water flow WE The water tlow WF
maintains a stable column shape i which a turbulent flow 1s
suppressed, 1 a long section due to the air flow around the
water flow WE Further, in the particulate measurement
device 1, the light emitter 20 emits the light LB into the
water tlow WE. The emitted light LB 1s propagated down-
ward 1n the water flow WF while being totally retlected at
the interface between the water flow WF and the air. In a
case where the particulates P are present in the water tlow
WE, the light LB propagating in the water flow WF 1s
irradiated to the particulates P. As a result, the scattered light
S from the particulate P 1s generated. If the scattered light S
1s incident on the interface at an angle smaller than the
critical angle, the scattered light S penetrates the interface of
the water tlow WF. The scattered light S having penetrated
the interface of the water flow WF in the measurement
region R 1s detected by the photodetector 30. Then, 1n the
processing unit 33, the number of particulates 1s measured
based on a signal (the intensity of the scattered light S) from
the photodetector 30. The water flow WF having passed
through the measurement region R flows into the recovery
port 15q while maintaining a stable substantially columnar
shape due to the air tlow AF2 from the air flow forming unit
45.

According to the particulate measurement device 1, as
described above, the stable substantially columnar water
flow WF 1s formed over a long section. Therefore, 1t 1s
possible to lengthen the measurement region R, and thus 1t
1s possible to obtain a signal having a high SN ratio based
on light from the particulate passing through the measure-
ment region R.

Further, the air flow forming unit 40 has an adjustment
function for adjusting the speed of the air flow. Accordingly,
the speed of the air flow 1s adjusted according to the speed
of the water flow WF which 1s discharged from the nozzle
10. Therefore, a more stable substantially columnar water
flow WF 1s formed.

Further, even 11 the noise light N1 having an angle smaller
than the critical angle with respect to the interface of the
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water tlow WF 1s emitted from the opening 11, the noise
light N1 15 blocked by the shielding portion, that 1s, the gas

guide section 41. Therefore, noise 1s reduced. Further, the
gas guide section 41 configures the shielding portion, and
therefore, a separate component for light shielding 1s unnec-
essary.

Further, the light emitter 20 has the condensing lens 23
which narrows the beam width of the light LB in the opening,
11 to be smaller than the opening 11. Accordingly, the noise
light N1 which 1s generated due to the light LB from the light
emitter 20 being reflected or scattered at the opening end 11a
1s suppressed. Further, the light condensed by the condens-
ing lens 23 spreads in the water flow WEF, and therefore, the
light LB propagates in a wide range in the water flow WFE.

Further, the particulate measurement device 1 1s provided
with the recovery part 15 having the recovery port 15q for
recovering the water tlow WE, and the air flow forming unit
45 which forms the air flow AF2 on the side of the recovery
port 15a with respect to the measurement region R and on
the outer periphery of the water flow WEF. Accordingly, it 1s
possible to stabilize the water tlow WF on the side of the
recovery port 15a with respect to the measurement region R.
Therefore, the noise light N2 which 1s generated from the
side of the recovery port 15a with respect to the measure-
ment region R can be reduced.

Second Embodiment

Next, a particulate measurement device according to a
second embodiment will be described with reference to FIG.
3. A particulate measurement device 101 shown 1n FIG. 3 1s
different from the particulate measurement device 1 of the
first embodiment in terms of the configurations of an air flow
forming unit 140 and a recovery part 115. Hereinafter, points
different from those of the first embodiment will be mainly
described. The same elements or members are denoted by
the same reference symbols and a detailled description
thereol 1s omitted.

The particulate measurement device 101 1s provided with
the nozzle 10, the reservoir 13, the light emaitter 20, the
photodetector 30, the processing unit 33, and the air flow
forming unit 140. The air flow forming unit 140 has a gas
guide section 144 and the blower 49. The blower 49 is
connected to the gas guide section 144.

The gas guide section 144 includes an upper tubular body
141, an itermediate tubular body 143, and a lower tubular
body 145. The upper tubular body 141 includes an upper
portion 141a, a first intermediate portion 1415, a second
intermediate portion 141¢, and a lower portion 1414. The
upper portion 141a has a cylindrical shape. The first inter-
mediate portion 1415 has an annular plate shape extending,
inward from a lower end of the upper portion 141a. The
second ntermediate portion 141c¢ 1s continuous with an
inner edge of the first intermediate portion 1415 and has a
tubular shape which decreases 1n diameter as 1t approaches
a lower end of the second intermediate portion 141c. The
upper portion 141a, the first intermediate portion 1415, and
the second intermediate portion 141¢ extend to surround the
reservoir 13 and the nozzle 10, and form a gas flow path
from the portions 141a, 1415, and 141c¢ to the reservoir 13
and the nozzle 10. Further, the lower portion 1414 has a
cylindrical shape, 1s continuous with the lower end of the
second 1ntermediate portion 141¢, and extends to a position
below the opening 11 of the nozzle 10. Further, the lower
portion 1414 surrounds the substantially columnar region
where the water tlow WF 1s formed, with a space serving as
a gas tflow path from the lower portion 1414 to the substan-
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tially columnar region. If gas 1s supplied from the blower 49
to the upper tubular body 141, the gas flows downward
through the space extending from the reservoir 13 and the
nozzle 10 to the upper tubular body 141. Further, the upper
tubular body 141 has a hght shielding property and 1s
interposed between the opening 11 and the photodetector 30
to configure a shielding portion. The shielding portion
blocks light such that the noise light N1 which 1s generated
at the opeming 11 does not reach the photodetector 30.

The intermediate tubular body 143 1s a tubular member
having a cylindrical shape which extends downward to be
continuous with the lower end of the upper tubular body
141. The intermediate tubular body 143 i1s formed of an
optically transparent material such as quartz glass, for
example. The intermediate tubular body 143 surrounds the
substantially columnar region where the water flow WF 1s
formed, with a space serving as a gas flow path extending
between the intermediate tubular body 143 and the substan-
tially columnar region. An air flow AF formed by the air flow
forming unit 140 having the intermediate tubular body 143
passes between the interface of the water flow WF and the
inner peripheral surface of the intermediate tubular body
143. The region surrounded by the intermediate tubular body
143, of the region where the water flow WF 1s formed, 1s the
measurement region R. For this reason, the photodetector 30
1s disposed to face the intermediate tubular body 143 so as
to be able to observe the scattered light S from the mea-
surement region R.

The lower tubular body 145 1s a tubular member having
a cylindrical shape which extends downward to be continu-
ous with the lower end of the intermediate tubular body 143.
The lower tubular body 1435 surrounds the substantially
columnar region where the water flow WF 1s formed, with
a space serving as a gas flow path extending between the
lower tubular body 145 and the substantially colummnar
region. The lower end side of the lower tubular body 1435
enters the mnside of the recovery part 115. A recovery port
1154 having a larger diameter than the lower tubular body
145 1s formed 1n an upper portion of the recovery part 115.
Further, a drainage port 1155 for discharging water 1s formed
in a lower portion of the recovery part 115. Then, the lower
end side of the lower tubular body 145 1s mserted with a
predetermined gap from the inner periphery of the recovery
port 115a. The air tflow AF formed by the air flow forming
unit 140 passes between the interface of the water flow WF
and the inner peripheral surface of the lower tubular body
145 and 1s then discharged from the gap between the lower
tubular body 145 and the recovery port 115q to the outside.
Further, the lower tubular body 145 has a light shielding
property and configures a shielding portion 146. The shield-
ing portion 146 is located between the recovery port 115q
and the photodetector 30 and blocks light such that the noise
light N2 which 1s generated at the recovery port 115a does
not reach the photodetector 30.

In one embodiment, the gas guide section 144 has the
intermediate tubular body 143, and the intermediate tubular
body 143 1s an optically transparent tubular member and 1s
provided to surround the measurement region R through a
region where a gas flow 1s formed. Accordingly, the air flow
AF around the measurement region R 1s stabilized. Further,
the intermediate tubular body 143 configures the gas guide
section 144 continuously with the upper tubular body 141
and the lower tubular body 145. That 1s, the gas guide
section 144 1s continuously formed in the entire range from
the opening 11 of the nozzle 10 to the recovery part 115. In
this manner, the air tlow AF surrounding the water tlow WF
over a long distance 1s formed by the upper tubular body
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141, the intermediate tubular body 143, and the lower
tubular body 145, and therefore, the water flow WF 1s more
stabilized.

Various embodiments have been described above. How-
ever, modifications may be made without being limited to
the above-described embodiments. For example, in the
embodiments described above, a laser light source 1is
adopted as the light source 21. However, without being
limited to laser light source, it 1s possible to adopt other light
sources such as an LED, as the light source 21.

Further, in the embodiments described above, a configu-
ration of detecting the scattered light S when the light LB 1s
irradiated to the particulate P 1s adopted. However, there 1s
no limitation thereto. For example, the particulate measure-
ment device may have a configuration in which excitation
light 1s emitted from a light emitter to a fluid which includes
particulates (for example, bacteria, viruses, or the like) to
which a fluorescent label 1s attached, and fluorescence 1s
detected by a photodetector.

Further, an example 1s shown in which only one photo-
detector 30 1s provided. However, there 1s no limitation
thereto. For example, 1n a case where the measurement
region R 1n the water flow WF 1s lengthened, or the like, a
plurality of photodetectors may be provided. By providing a
plurality of photodetectors, 1t 1s possible to improve the
detection sensitivity of the scattered light S or the SN ratio.

Further, an example 1s shown 1n which the emission port
26 1s disposed to be immersed 1n the water W 1n the reservoir
13. However, the emission port may be separated from the
water surface.

Further, an example 1s shown in which the air flow AF2
1s generated from the air flow forming unit 45 with the
blower 49 connected thereto. However, a suction device may
be used instead of the blower 49.

Further, 1n the respective embodiments, mutual configu-
rations may be appropriately combined. For example, the
mirror 35 1n the first embodiment may be used 1n the second
embodiment. Further, in addition to the configuration of
generating the air flow from the gas guide section 41 1n the
first embodiment, a blower may be provided such that an air
flow 1s also generated from a space extending from the
reservoir 13 and the nozzle 10 to the tubular body 414, as in
the gas guide section 144 in the second embodiment. An air
flow does not leak from between the tubular body 41a and
the nozzle 10, and a downward air flow can be efliciently
generated. Further, a blower may be provided such that an
air flow 1s generated only from a space extending from the
reservoir 13 and the nozzle 10 to the tubular body 41a, with
the tubular body 415 removed from the gas guide section 41
in the first embodiment.

REFERENCE SIGNS LIST

1, 101: particulate measurement device
10: nozzle

11: opening

20: light ematter

15, 115: recovery part

15a, 115a: recovery port

30: photodetector

40, 45, 140: air flow forming unit

41, 48, 144: gas guide section
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The mnvention claimed 1s:
1. A particulate measurement device comprising:
a nozzle which discharges liquid containing particulates

from an opeming thereof to form a flow of the liquid;
a light emitter which emits light such that the light
propagates 1n a {irst region where the tlow of the liquad
having a columnar shape i1s formed;
a photodetector provided outside the first region to receive
the light from a second region, the second region being
a partial region of the first region and extending along
a longitudinal direction of the first region; and
an air flow forming unit including a gas guide section
having a tubular body surrounding the first region, the
tubular body configured to form a flow of gas along a
direction of the flow of the liquid around the first
region,
wherein the light emitter emits light from an 1nside of the
nozzle through the opening,
a shielding portion which blocks light 1s provided
between the opening and the photodetector, and
the tubular body of the air flow forming unit 1s interposed
between the opening of the nozzle and the photodetec-
tor to configure the shielding portion.
2. The particulate measurement device according to claim
1, wherein the air flow forming unit has an adjustment
function for adjusting a speed of the tlow of the gas.
3. The particulate measurement device according to claim
1, turther comprising;:
an optically transparent tubular member provided to sur-
round the second region, a region where the tlow of the
gas 1s formed being provided between the optically
transparent tubular member and the second region,
wherein the photodetector 1s disposed to face the optically
transparent tubular member.
4. The particulate measurement device according to claim
1, further comprising:
a recovery part having a recovery port for recovering the
liquad; and
another air flow forming unit which forms a flow of gas
along a direction of the tlow of the liquid around the
first region, on a side of the recovery port with respect
to the second region.
5. The particulate measurement device according to claim
1, wherein the light emaitter has a condensing optical element
which narrows a beam width of the light 1n the opening to
be smaller than the opening.
6. The particulate measurement device according to claim
1, wherein the gas guide section comprises the tubular body
and an other tubular body provided coaxially to surround the
first region, a gap between the first tubular body and the
second tubular body functions as a gas tlow path, and an end
of the tubular body and an end of the other tubular body
configures a gas discharge port from which the gas guide
section discharges the gas to form the flow of the gas around
the first region.
7. The particulate measurement device according to claim
1, wherein the tubular body surrounds the nozzle to form a
space between the tubular body and the nozzle so that the
gas flowing through the space forms the flow of the gas
around the first region.
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